WORLD INTELLECTUAL PROPERTY ORGANIZATION 
Iniernaitonal Bureau 




per 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classif icatioa ^ : 
C()8J7/04,B01D 13/04 



Al 



ill) International Publication Number: WO 89/ 00592 

(43) International Publication Date : 26 January 1 989 (26.0 1 .89) 



(21) Interaational Application Number: PCrr/US88/00227 

(22) iDteniatiojsal Filing Date: 27 January 1988 (27.0L88) 



(31) Priority Application Number: 

(32) Priority Date: 

(33) Priority Country: 



074.635 
17 July 1987(17.07.87) 
US 



(71) Applicant: BRUNSWICK CORPORATION [US/US]; 

One Brunsmck Plaza, Skokie, IL 60077 (US). 

(72) Inventors: WRASIDLO, Wolfgang, J. ; 307 Prospect 

Street, LaJolla, CA 92037 (US). HOFFMAN, Frieder, 
K. ; 2630 Autumn Drive, Oceanside, CA 92056 (US). 
MYSELS, Karol, J. ; 8327 LaJolla Scenic Drive, La- 
Jolla, CA 92037 (US). . 



(74) Agent: GREIF, Arthur; Brunswick Corporation, 2000 
Brunswict Lane, DeLand, PL 32724 (US). 



(81) Designated States: AT (European patent), AU. BE (Eu 
ropean patent), CH (European patent), DE (Euro 
pean patent), DK, FR (European patent), GB (Euro 
pean patent), IT (European patent), JP, ICR, LU (Eu 
ropean patent), NL (European patent), SB (Eiiropean 
patent), SU. 



Published 

fVifh intemaiional search report. 



(54) Title: POLYTETRAFLUOROETHYLENE COATING OF POLYMER SURFACES 
(57) Abstract 

Adherent, PTFE coatings on polymer surfaces can be produced at temperatures well below the sintering temperature 
of.PTFE, by contacting the surface with a dilute dispersion of PTFE particles and heating the surface to its softening point 
(in the vicinity of its glass transition temperature) to dry it and to cause the individual particles to become embedded in 
and surrounded by the polymer. 



FOR THE PURPOSES OF mFORMAnON ONLY 



■ Codes used to identic Statespar^ to the PCTon theihmtpages of pamphlete publishing international appK. 
cations under the per. 



AT 


Aiistria 


GA 


Gabon 


MR 


Mauritania. 


AU 
BB 


• Australia. 


. GB 


United Kingdom 


MW 


Malawi 


Barbados 


HU 


Rungafy 


NL 


Netherlands 


BE 


Belgium 


IT 


Italy 


NO 


Norway 


BG 


Bulgaria 


JP 


Japan 


RO 


Romania 


BR 


Brazil 




DemocraUc People's Republic 


SD 


Sudan 


CF 


Central Arricaa Republic . 




of Korea 


SE 


Sweden 


CG 


Congo 


KR 


Republic of Korea 


SN 


Senegal 


CH 


Switzerland 


LI 


Liechtenstein 


SU 


Soviet Union 


CM 


Cameroon- 


LK 


Sri Lanka 


TD 


Chad 


DE 


Germany* Federal Republic oF . 


LU 


Luxembourg 


TG 


Togo 


DK 


Denmark, 


MC 


Monaco. 


US 


United Stales of America 


n 


Finland 


MG 


Madagascar 






FR 


France 


ML 


Mali 







V^'O 89/00592 



PCT/US88/00227 



-1- • 

POLYTETRAFLUOROETHYLENE COATING OF POLYMER SURFACES 

Technical Field 
This invention relates to a method for coating polymer 
5 surfaces with f luoroplast ics , and. is particularly 

related to a method for increasing the water repellency 
of such surfaces by coating with dispersions of 
polytetraf luoroethylene polymers. 

Background Art 

10 Fluoropiastics are known to offer a unique combination 

of chemical , electrical , and mechanical properties 
which makes them useful over a broad range of applications. 
One such f luoropiast ic , polytetraf luoroethylene (PTFE) , 
exhibits exceptional resistance to chemicals. Aqueous 

15 dispersions of PTFE have been used to impregnate fabrics 
to impart hydrophobic properties and resistance to 
chemicals, as shown, for example, in U.S. Patent 4,34 2,675. 
PTFE coatings are most commonly achieved by contacting 
the surface to be coated with a dispersion containing 

20 about 45-50% solids, drying, and heating the resin 
particles to temperatures of 357-400OC to cause the 
particles to sinter and thereby bond to the surface. 
It has also been suggested that coatings with a degree 
of useful properties can be achieved at temperatures 

25 below that of the sintering temperature of TFE resin 
particles by either: (i) spray-coating the polymer 
surface with a volatile solvent for the polymer, sufficient 
. to soften the surface, causing it to become tacky and 
thereby penetrable by the PTFE particles, as shown in 

30 U.S. Patent 3,200,006; (ii) the iise of pressure to embed 
the particles into the substrate, see for example 
DuPont Product Information Bulletin No. X-50G; or (iii) 
the use. of chemical coupling agents (heavy metal organic 
complexes) which are capable of bonding both to the 

35 PTFE particles and the surface to be coated, see U.S. 
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- Patents 3 ,968 r 297 and 4,232,087. However, these procediares 
will be of rimitea value for those substrates in which .. 
the dissolution thereof, the use of compressive forces, * 
or. the use of contaminating chemicals would.be a serious 
5 detriment to the .coated surface, e.g., for membranes 
. employed, in filtration and medicinal applications. 

Disclosure of Invention 
It. has now been found. that a substantial degree of 
hydrophobicity can be imparted to polymer surfaces, 

10 whether in the form of cast films or membranes, or . 
woven or .nonwoven fabrics, , by coating such surfaces., 
with aqueous dispersions of PTFE homopolymers or TFE 
copolymers utilizing: (i) temperatures within. a narrow 
range, to achieve a novel type of bonding between the - 

15 ' substrate and the coating particles; preferably in. 
combination with:(ii) dispersions having a dilution 
about an order of magnitude lower than has most commonly 
"been employed; arid .(iii) wetting agents which can be 
evaporated a.t temperatures below that at which bonding- 

20 of the particles is effected. -Thus, the invention 

comprises the use of aqueous PTFE dispersions (in which 
the particles are essentially within the range 0^.05 to 
3um, preferably 0.1 to Qi.5^m) containing a volatile 
wetting agent and having a solids content of 0.1 to 6 

25 percent , preferably 0.3 to 1 percent, wherein such 

dispersions are contacted with the surface to be. coated, 
which is then heated. both to evaporate the wetting 
agent and to achieve softening or segmental mobility. 
Once the wetting agent has been removed, the resulting 

.30 softening permits the molecules of the surface to be 
drawn around the base of the particles, to produce a 
bond which has been found to. provide an adherent coatrng ' 
' which exhibits a superior degree of hydrophobicity* 
The above method can be employed with any polyinef which 

35 exhibits a transformation, from a solid to a more or 
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less viscous liquid state over a comparatively broad 
temperature range — rather than the abrupt change 
associated with purely crystalline materials. With the 
exception of a few materials (e.g., melamine and silicone) 
5 most polymers exhibit such a transformation, known as 
the glass transition, in which the polymer viscosity 
decreases rapidly as temperature is increased. Surface 
softening is generally associated with the onset of that 
transformation. To the extent that requisite surface 
10 softening is achieved, the bonding mechanism of this 
invention could be employed up to the temperature 
( 357OC) at which the PTFE particles will sinter. However 
because it can provide bonding while avoiding surface 
degradation, the. instant method will be of particular 
15 benefit in coating polymers: (i) which exhibit softening 
at temperatures below 250*^C, and more generally below 
200^C; and (ii) in the absence of substantial compressive 
force> i.e., pressure of a degree which would cause the 
particles to be embedded absent softening of the 
20 polymer surface* 

• Modes for Carrying Out the Invention 
Although PTFE coatings are known to enhance chemical 
resistance, the principal objective of the instant 
invention is to -impart hydrophobic or anti-wetting 
25 properties to. the polymer surfaces. Initial trials . 
were conducted by coating a commercially available 
polysulfone filtration membrane. To prevent destruction 
or degradation of the pores of this membrane, 
experimentation was conducted to determine if adherence 
30 could be achieved at temperatures well below that at 

which actual flow (Tm) was encountered. For polysulfone, 
it was determined that a temperature of 180OC was 
sufficient to achieve a desirable degree of surface 
softening. It should be noted that this temperature is 
35 somewhat below the glass transition- temperature, Tg , of 
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polysulfone, variedly reported to be, for exainple> 
IBl^r 190<^r and 1950c in the literature. Hydrophobicity/ 
i.e.,. the. degree of adhesion of water droplets to the * 
coated surface, was determined by the visual observation 
5 and characterization of the contact angle, i.e., the 
degree of beading of small water droplets, on the 
coated surface. Using such visual observation, the 
. degree of hydrophobicity imparted could be set forth in 
. three categories: (I), "superior" — in which the contact 

10. -angle, was very steep, i.^e. , of the order of B^^'r (II) 

"satisfactory" ~ in which the contact angle was of the 
order of 45°; and (III) "unsatisfactory" — those in 
which the contact angle was markedly shallow* 

. . . The dip coating of the polysulfone membrane with a . 

15 commercial PTFE dispersion (TEFLON 30, sold by DuFont 
Company, Wilmington, Delaware, containing about 60 
percent solids and about 6 percent of a wiBtting agent) 
proved comparatively ineffective in imparting hydrophobic 
properties. Utilizing Scanning Electron Micrographs 

20 (SEM) , it was determined that lower PTFE solids 

concentrations would produce a discontinuous , monolayer 
of adherent particles which exhibited enhanced 
..hydrophobicity in comparison with the essentially 
continuous, smooth layer of particles, which resulted 

25 from the use of the high PTFE concentrations. A set of 
experiments was run in which the TEFLON 30 was. diluted 
with: (a) an aqueous solution containing 0..5 percent 
perf luorobctanoic acid (PFOA) neutralized with ammonium 
hydroxide (rather than NaOH so as to maintain requisite 

30 volatility) to a pH of .7^3; and (b) an aqueous solution 
of 16 percent isopropanol, to produce dispersions of 
varying solids content. The polysulfone membranes were 
soaked in the PTFE dispersions for about one second and 
thereafter heated to 1809G, both to evaporate the 



wo 89/00592 



PCT/US88/00227 



•5- 



wetting agent and soften the surface. The results are 
reported in the Table below: 

TABLE 

(a) Wetting agent — PFOA neutralized to pH of 7.3 

5 PTFE Solids 

concentration (%) Hydrophobici ty 

0.3 • . . II 

0.42 r 

0.54 I 

10 0.66 . . II . 

■ . 0.78 II 

(b) wetting agent — isopropanol 

PTFE Solids 

15. concentration (%) Hyd r ophob i c i t y 

0.2 II 

0.4 II 
0.8 I 
1.6 . I 

20... 3.2 .1 

it is seen from the results above,, utilizing a 
temperature, 180^C, far below that suggested in the 
literature (for dispersions devoid of organo-metallic 

25 complexes. to achieve bonding), that "superior" 

hydrophobicity could be achieved by utilizing dilute 
dispersions of PTFE particles in which the optimum solids 
concentration is, to some extent, a function of the 
wetting agent employed. Thus, with PFOA at a pH of 

30 7.3, superior anti-wetting is achieved in a narrow 

concentration range of about 0.5^ percent PTFE particles; 
while, for the isopropanol wetting agent, the optimum 
solids concentration would be about 1-3 percent. 

For those end-uses in which melting of the polymer 

35 surface would be detrimental, it is, of course, necessary 
that the surface be heated to a temperature well below 



wo 89/00592 



PCT/US88/00227 



-5- 

the melting point (Tm) of the polymer.. The maximum 
temperature at which the surface should be heated will 
depend largely on the degree of surface degradation 
which can be tolerated. Even in those instances in 
5 which a substantial degree of degradation is tolerable, 
there will be little heed to maintain the temperature 
of the surface. at a value more than 2^^C above the 
softening point, to achieve a deisired degree of bonding. 
Generally jr such bonding will be achieved with a temperature 

10;" nb moire than 10^C thereabovei In any event, the surface 
must, however, be heated to a temperature high enough ■ 
arid long enough to evaporate the wetting agent and to 
achieve a sufficient diegree of softening or segmental 
mobility, whereby the colloidal PTFE particles can 

15 become embedded into the surface » Scanning Electron 
Micrographs (SEM) suggest that an intermolecular type 
of force, such as van der Waals interaction, appears to 
draw the surface molecules (capable of movement at the 
"softeaing" temperature) around the. base of each particle. 

20 The enhanced bonding apparently results from attraction; 
between -the. enlarged contact area of the two surfaces, 
i.e., the coated polymer surface which is in contact 
with and surrounds the surface quadrant of the PTFE 
particle embedded therein. 

25" The specific temperature at which optimum "softening" 

will occur for each polymer cannot be predetermined 
with complete specificity; although it will ' generally . 
be in the vicinity of Tg — the glass transition 
temperature. However, use of Tg's variedly reported . in 

30 the literature; for a particular polymer may, in some 

instances, be insufficient to achieve the segmental mobility 
necessary to achieve the desired adherence; while in 
many instances., the reported Tg may be too high and 
detrimental to the surface. Thus, Tg can v.ary not only 

35 with the structural and morphological parameters (e.g.. 
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degree of subs ti tut ion ^ molecular-weight distribution, 
degree of chain entangieraent ) of a given polymer, but 
also with the experimental parameters (heating and/or 
penetration rate) employed in its determination. 
5 Therefore, for any given polymer surface and heating 

•method to be employed, it will be preferable to determine, 
empirically, the requisite surface "softening" temperature, 
at which segmental mobility is sufficient to permit the 
molecules of the surface to be drawn around the base of 

10 the PTFE particles, in this regard, it must be borne in 
mind that such surface-particle interaction can only 
occur after: the . wetting agent has evaporated. The 
above notwithstanding, Tg can nevertheless serve as a 
guide, -or starting point, in determining the optimum 

15 "softening" temperature — particularly when Tg has 
been determined by measuring volume expansion (at 
conventional heat-up rates) of the polymer as a function 
of temperature, such that Tg is the temperature at 
which the volume, expansion coefficient shows an abrupt 

20 change. Requisite softening will generally be achieved 
by heating the polymer surface to a temperature below 
the Tg determined by the above volume expansion procedure. 



wo 89/00592. 



PCT/US88/00227 



CLAIMS 

1.. in the-coating of polymer surfaces to . impart v 
•an adherent coating of pdlytetraf luoroethylene (PTFE) 
resin. to the surface, wherein a dispersion of PTFE- 
5 containing particles within the range 0.05 to 3.0iim is 
deposited, on the -surface, and the surface is thereafter 
• heated to volatilize the liquids in said dispersion. and 
cause the particles to adhere to the surface, 

the improvement for coating polymer surfaces 
10 which exhibit a glass ' transition and soften at temperatures 
below .250OCr which comprises: (i) providing a dispersion, 
consisting essentially of PTFE particles having a 
solids content within the range 0..1 to 6*0%, dispersing 
agents sufficient to maintain the particles in suspension, 
15 and wetting ; agents to permit the uniform distribution 
■of the particles on the surface, said dispersion being 
essentially devoid of heavy metal organic complexes; .<ii.) . 
depositing the dispersion on the surface; and (iii) 
heating the polymer surface to a temperature . at least 
20 equal to, but not more than.20PC above,, its "softening" 

temperature r and maintaining the surface at said temperatuxe 
. for a. time sufficient .to permit said particles to be 
embedded therein so as to produce an essentially 
.discontinuous^ monoparticulate coating of said particles 
.25 thereon. 

2. The method of Claim 1, in which said coating 
iis conducted in the absence of substantial compressive 
force. 

3» The method of Claim 2r in which the. surf ace. 
30 to bfe coated softens at temperatures below 200®C. 

.4. The method of Claim 3, in which said surface . . 
is a porous membrane and said particles are within the.. . . 
range 0.1 to 0.5/im. \ . . 
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5. The method of Claim 4, .in which said surface, 
heating temperature is not more than 10°C above the 
"softening" temperature. 

6. The method of Claim 5, in which said dispersion 
5 (a) contains a non-ionic or anionic wetting agent 

which can be volatilized during said heating; and (b) 
is devoid of heavy metal organic complexes - 

7. The^ method of Claim 4, in which said surface 
heating temperature is below the Tg, as determined by 

10 volume expansion, of said polymer. 

8. The method of Claim 3, in which the content 
of PTFE particles within said dispersion is within the 
range 0.3 to 1 percent. 
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